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ZTi an investigation of children's spatial knowledge 
of a large-scale environment, forty^cight 3- to 6-year-old children 
(an approximately egual number of boys and girls of eabh age) were 
taken through an environment by a specified route. Once the route and 
landmarks along the ^'route were learned, children were tested on .their 
ability to (1) travel the route in re^verse (route reversal 
knowledge), (2) name the sequence , of landmarks along the reverse 
route (landmark reversal knowledge), (3) infer the relationship 
between parts of the environment not directly traveled between 
(Inference), and (4) construct a model of the environment. Results 
indicated that route-knowledge develops before landmark reversal 
knowledge, and inference ability. develops last; also supported was 
the suggestion that young children's spatial representations are 
route-like and poorly inteyrated/in comparison .with those of older 
children. In their models, children often exaggerated the route they 
travelled. No sex differences were found on any of the measures* 
(Author/MS) 
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Abstract 

In an investiganion of r.hlldran^s spatial knowledge of a 
large-scale fmvlronraent, 3- to 6-year-old children were 
taken through an environment by a fjpeclfiad route. Once 
the route and landmarks along the route were learned, 
children were tested on their ability to (I) travel 
the route In reverse ( route reversal knowledge) i (2) name 
the Tiequence of landmarks along the reverse route (landmark 
reversal knowledge) i (3) infer the relationship between parts 
of the en\*irqnment not directly travelled between (inferences) , 
and (4) construct a model of the environment , Tlie results 
indicated that route-knowledge develops before landmark reversa 
toiowledge and infere|ice ability develops last. In their 
fflodelss children often exasseratad the routa thay travelled* 



Developfflent of Mental Representations 
^ of Spatial Layouts 

Tolman (1948) coined the phrase cognitive maps to refer to both 
animals* and people's knowledge of the layout of an environment* 
Altboii^ knotj p^opla are ware of th^.tr locatlo^i in a faTOlli^^r ppan** 
we know little about how these spatial r presentations are cons time tecl 
and organized or What developMntal changes occur in the organisation p 
of this knowledge. Slegel and ^^^^ (1975) have, proposed that the 
adult- s first representation of a large--scale spacti consists of 
f :agmanted routes* Routes are characterised by sensoriisoWr knowledge 
and are prlmE Hy associations between landmarks. .As peo^e acquira 
more eKi^Gri^2nce in an environment , thair spatial representations bacome 
more, gestait-lik'et mtm conflguraAtlonai* The relations between various 
Imdmarks become integrated which enable the person to remain 
oriented even at unfaoiliar locations and to create new i;outes 
between familiar landmarto. In ©t^er words, people become ^le to 
induce spatial relations with which they have not hai direct eKperience 
A similar sequence may underlie the development of a child's spatial ra] 
resantation. ^ . . ^ ^ ^ 

Unfortunately I thar^ little research with which to evaluate 
this proposal, ^le few- Investigations of children's sp^tlaJi 
representations have largely be^n confined to small model spaces. ^ 
These flndinge have been extended to apply to large-scale spaces ^ 

but it Is questlonablexwhether spatial taiowledga of small models is 

\ ~ ^. „ - 

represented ija the ssM ^ay as is spatial toowledge of large spacea* 

The study I'm going to talk ^out today was an atteTrmt^to 

^ # _ - \ ^ . . 

investigate systematically the extent of the child's Imowledge 
about a lsrga*-8cal© space by eoitroillaag the experlance the .child 



, % 3 

has within that apace. Children were taken through an environment by 
one of two roiitas that ware assumed to differ in; compleKity. Once the 
route 'arid\ landmarka along the route were learned, cliildren were 
LfcsLHd on (1) their^ ability to travel the original route in reverse ^ 
I.e. 5 which way to turn their bodieSj"(2) their Inowledge of the sequence 
of 1 nn^lmnT-W T.Thi^n f h.^^f m vf^ll nd r^h^ uriginnl route In reverse and 
(3) their ability to infer the .relationship between parts of the 
environment which they had not directly travetlRd hprw^pn, Tlie ' 
first two measures^ the route reveraal measure and the landmark 
reveraal neasure were considered to be indicators of the extent of the 
child's route knowledge. The ^third measure^ the Inference measure; 
was considered to be an indicator of their ability to induce spatiel 
relationships not directly ewerienced/ Children were also askad 
to construct a model of the layout of the environment. We hoped children' 
TOdela would reveal properties of their spatial representations. 

Method. ' 
**'In ord^^r to produce a large-^scale, space where we could control 
the eKperience of the children in ^the space ^ we built a series of 
small rooms which we called the -'animal house". The \ nse consietad 
of a set of four rooms for 3-^ 4-^^ and S^year^olds and a s.tx room 
set for 5- and e-year^olds (sea. Figure 1). Tliere were 24 subjects 
In eath age levels and an approximately equal nui^er of boys and ' 
girls of each age. Four doors were located in each room. - Theye 
was a door in the canter of each wall of each room. All iflim rooms were * 
uniform except for a different toy animal in the center of each room 
which distinguished the roon^ from each other, animals served ^aa 

landmarks. . . = . 'C* , 

The routes the children fQllQwed In cHe roon^ are Illustrated in . * 



Flgui:^. 2, Half the children of each age always followed a U-route 
while the rest followed a sig-^ag route, or Z=route. Traln^g consisted 
of taking each child through the rooms by the specified route until 
the child could point to the appropriate door and anticipate the 
correct animal^ during two successive walks through the rooms. During 
training, children never retraced their routes . In reverse in order to 
get to their original starting points. 

puritig the test phase , children ware asked to travel through the 
,rooffls by retracing the route in reverse* Three measures were taken 
during this timer (1) children had to point to the appropriate _ 
door along the reverse route (route-reversal test) j (2) we asked 
children which animal they would see along the reverse route (landmark 
reversal test)\ and Q) children were asked which animals were located 
on the other side of doors they had never entered but led to another 
room (inference test) * These doors are marked INF in Figure 2, Finally , 
children^ were asked to construct a irodel of the rooms with small fioKes 

and small toy aDimalSv ^ 
^ - - Results and Discussion 

No mK differences were found on any of these measures. Hie overall 
pattern of resulte revealed .that route-reversal knowledge developed 
before landmark reversal knowledge an4 that Inference ability 
developed last. ^ ^ . ^ 

, ^ \.In the fov^^om eKperiment, .^here were no differences between 

3- , 4-,. and S-year-olda on the rbute reversal .ast (see. Figure 3) . 
'The perfprmance.of the children on this measure was' nearly perfect 
at all 'age levels, Mso, in the four room eKperiment, we found that 

4- and 5-year-olds made f ewer^ landmark rever^l. errors than did the 
3^ysa:r-blds, Boweverp fchaia WM no difiterende between 3-j^4", aad 



on inference scores, Performaace was relatively poor 

- ^* 

on '^hls ^measure* These findings were conflraad by three separate j 

3 (age) X 2 '(type of route) X 2- (sex) ANOVAs In which a aigniflcdnt 

main effect for age was^ found for landmark t&vmTBfll scorei (f (2,60)^ 6.09 
p \/,005)s but no significant effects were foand in the analysis of 
route reversal or Inference* scores * A Mcey post hoe test (p ,05) 

revealed that performance on the landkmark reversal test significantly 

Increased be^een the ages of th^ee and fou^i buc not between ages 

four and five, Xhus^ the 4- and 5-year-olds were significantly 

better than the 3-year»olds at Anticipating the animals they would 

see along the reverse route p but all three age groups were good 

at anticipating which directions to turn as they reversed the 

route J and all three age groups were rather poor at making 

spatial inferences, . " 

In the sIk room eKperimfent, however ^ the pattern of results 

was different ( see Figure 3). Again ^ performance on the route 

reversal test was nearly perfect for both age groups^,^.. However ^ 

while the 5-^ and 6=year--olds performed equally well on the 

landmark reversal test, the perfortBance of the 6-year-oldo was 

superior on the inference test*' Thl| was conf^itfed by threa 

separate 2 (age) X 2 (type of route) X 2 (sex) M?OVAs in which , 

* ' *• 
a significant main effect for age was found for inference scores 

(F.(l,40)^ 4.68| p / ,05) but not for landmark reversal scores or 

route reversal scores* Althougli there is a trend for tha Z--route 

to be more difficult . th^n the U-route on some^ of-^ these 

tBeasures>vthere=were no significant differenaes between the two conditions 

= These datag especially the relatively good perforffianca on 
the roate reversal and landioark reversal taats, .support the notlQn 



that /route-lika spatial representations davelopmantally precede 
IntQgrritad confisurational spatial rapresen.tations , It further . 
suggests that routG maps maf have two componenus. One component ocoirr-- 
ln|T. early In developTnent consists" of knowlfig %^hidi direction to 
turn when one , sees a particular ^ landmark* This knowleSc© could 
be concotved of as a motor map,, of a routa> A second component 
consists of being able to . reverse a aaquence of landmarks and to 
anticipate the . landmark which will appear next. liiis mmews to 
involve a preater syinbolic component associated with the route ^ ^hich 

■ i 

appears to be a latey development. Flnallyptha ability to 

make spatial Inferences ^ indicative of the beginning of a conf igurational 

spatial reprasentatlon, develops last. 

a todal Data. Wa baliave that the way in which children 
constructed npdels of this environment revealed important properties 
about the'lr spatial rapresantatidns , Wa scored the models on the 
basis of (1) the^ sequence of the animals in the model and (2)^ the 
overall shape of thti model. We gave a *'0^ to models when bdth 
the shape and animal order were wrong and a to models which were 
compiately right. These categories and the . categories between 
these two aKtremes are described in Table 1 , ' A breakaown of 
scores b^y age and condition appears In this Table* The nunbers 
below each category prepresent the nu^er of children in an age .group 
who produced models ^of this -type* These categories are self-explan= 
atory eKcept possibly for category 3* Children who made this 
ihteresting type of error demonstrated knox^ledge of the sequence of 
animals and of ^the shape of the house. They were^ however, unable . 
to cobrdiMLVe these too ^pes of kriowledge in their models to 
slttultaneotiily: include, correct rou'te and , shape inforraatipn. 



One 5'-year-old in the Z^condition, for, exampla, firaU dpgped- 
tho animals In the scattered boxes ia the correct serial order, VHien 
we asked her to make the model just like 'the bip houses she pushed 
the boKQS together into the correct dhape, thus destroying the order 
of the animals. She claimed her modal wi.s now correct^ but when 
we asked her to iridicate how she had walked through, her attention , 
was drawn to the Incorrect order of the animals. She '^then placed , 
the boxes in a stepwise arrangement with the animals in the correGt 
order. i^Hius ^ she was unable to integrate her knowledge of what the 
route looked like with her knot^led^e of the shell within which the 
route was located. 

With th# possible exception of some of the 3--year-^olda ^ we 

r 

belimve the children basically understood whatfwe wanted them to do 
with the small boKeg and aniraals. Even children w^tb were unable to 
construct'' the sliape of the house correctly seemed to be making 
some 'attempt to reconstruct their spatial representation of the house. 

The shapes 'Of the incorrect models were n^t raudom, F^gy^^ 4 w 
Illustrates all of the incorrect shapes which appeared in both the 
four and six room studies, including shapes that children later 
changed. Incorrect models usually reflected the number of turns 
made or the general shape of the route taken, Moit incorrect mtfdels 
in the if-Gonditlon reflect a U-shape^ while incorrect models in 
the Z-conditlon are usually staggered ^ oiffset and asymmetrical. We 
beleive this indicates that, the child's ipatial representation of 
the route resembled^ perhaps even eKaggerated tha actuAl sl^pe of 
the routed ^ , . 

An inspection of Table I reveals ihat the erirotfa of the yorager 
children I especially the 3«year-olds were of Wo main' types, ^Either 



the t^o^gI ^.'nr^ -corpletG.ly vronfi or t^iG^ childran had the sequence 

of landr^arks' correct hut tbe shane of the house wronp. This 

fact, aldnp i^lth the data fihotjinp a sisnif leant difference in 

ability to niahe Inferpficas hetTmen five ntid Bix, hut not bet^^een apes 

threej four ard flva, supports the supgeBtlon that young chiWran's 

spatial rfepresentatiotis are route-^Uke and poorly 'lntep;rated in cotnparlson 

tjth those oT older children. Tlie ahility to .forin cbnfigurational 

spatial rGpresentat Ions sears to depend not only on the ahilitv tM 

induce the Bhape of spatial layouts, but also on the ahility to coordinate 

hno^73adp:e of thR shape with 1 uo^tI efippuof how tuuLii aQquGUces i\t 

into the shape. ' . 
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Model Scoring Categorlos 
4-Modgl completely right 

3- Both house pShspe and animal order right, but shape and' 

order are not ^.oordina^^d, 
2-House shape rights' but animal order wrong, 
l-'Anlmal order rl^t, but house shape wrong, \ 
0- Poth house shape and animal order wrong;' 
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'Table i. / Daacrlptlon and age ^breakdown of model scotss. 
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SIX ROOMS 



Klgure 1: Mnpa illuntrntlnR layout ot iiho four roomo"and ,tho oix roomQ 
(diowlng tho nouation nnd dlmonnlano of wnllo (nol.id linon) nnd dooro 
('dottod linon). Wnlln wore 6' High, Poorra consiatod of cloth curtalno 
rthd tho ontiro layout wao oovorod by n aloth oolling. 
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.U' Route 



Z Route 
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Starting Point 
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Starting Point 



Figure 2j Maps nhowing tho U routo nj}A tho (K) roiito in tho 

four roonia nnd in tho aix roorna. In tho 7, coneliLion, chiltll'On 
v/nlked through' nn nd-jaflont room in ordor to rotHrn to tlio ijfcnrLlng 
point* *^ho dpora at whiah tho childron woro rnqtilrud to mako 
inforence dudBomonts are labolod '^INF»% ^ ^ 
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ritiurG 4, II lustratlonr* of Incqrroct: inodol shnpqri* TIiosr Inclucio shnpos which 
wore subsoquontly flUorotl, but tlioy. do not includG shapos In which boKOS wore 
plaeos jn a straight Mm, A numbor 1n parGnthosGs'^MJolow o particular iiiodel 
Indlcatps the nurnber of children who constructod a iiiodel of that shape, If 
no nuniber appears faeTow a model, that 1110001 was constructed by on ly , one child. 



